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(54) Auxiliary drive and automobile equipped with the same 



(57) There are included a first motor-generator (2); 
speed change device (104) disposed between an en- 
gine (101) and a first wheel drive shaft (105); demanded 
braking force detection device (2 1 ) for detecting braking 
force demanded by the driver; engine braking force cal- 
culation device (22) for calculating engine braking force; 
and regenerative braking force calculation device (23) 



for calculating regenerative braking force resulted by re- 
generative power generation of the first motor-generator 
(2). Gear ratio or shift points of the speed change device 
(104) is controlled on the basis of information from the 
demanded braking force detection device (21), the en- 
gine braking force calculation device (22) and the regen- 
erative braking force calculation device (23). 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to an auxiliary drive and an automobile equipped with the same. 

[0002] As disclosed in JP-A-9-9414 specification, conventional automobiles equipped with an auxiliary drive, for 
example, hybrid automobiles have an engine and a motor, and transmit power from at least one of them to an output 
shaft, and change speed through a multi-speed automatic transmission disposed between the engine and the output 
shaft. The conventional hybrid automobile comprises an electric power source that provides electric power to the motor 

10 and receives regenerative power returned from the motor which acts as a generator, and remaining-amount detection 
means for detecting remaining electric power capacity of the electric power source. In the convention hybrid automo- 
biles, a shift point which determines steps of the multi-speed automatic transmission is moved in a direction to increase 
range of low speed in accordance with degree of decrement of the remaining electric power capacity detected by the 
remaining-amount detection means. 

15 [0003] In the above-described specification, there is description that it is possible to Increase the rotation of the 
engine as a whole to increase the regenerative electric power of the motor acting as a generator However, since 
according to the above-described prior art, movement of the shift points which determine steps of the multi-speed 
automatic transmission is depending on degree of decrement of the remaining electric power capacity, there is possi- 
bility that a shift to a lower gear may be made during deceleration running. In such a case, the rotational speed of the 

20 engine increases to result in increased friction torque, and therefore, there is possibility that engine braking force in 
excess of braking force demanded by a driver occurs. 

[0004] In a structure in which a motor is placed on an output side of an engine, a multi-speed automatic transmission 
equipped with a torque converter is placed subsequent to the motor, and an output shaft is placed subsequent to the 
multi-speed automatic transmission, if the above-described unexpected shift to a lower gear is made during deceler- 
25 ation running, rotational speed of the torque converter increases on the side of the multi-speed automatic transmission, 
increasing engine braking force temporarily. Therefore, there is possibility that a driver feels a shock depending on 
running state. 

[0005] Furthermore, at the time of moving shift points which determine steps of the multi-speed automatic transmis- 
sion, it is necessary to move the shift points of both up-shift (speed change decreasing the gear ratio) and down-shift 
30 (speed change increasing the gearratio). This makes the timing of an up-shift during accelerated running in dependant 
on degree of decrement in remaining power capacity, which may cause the driver to experience an uncomfortable 
feeling of changing speed. 

[0006] The above-described circumstances are not desirable for the operability of automobiles and the amenity. 

35 SUMMARY OF THE INVENTION 

[0007] The present invention has been achieved to solve at least one of the above problems. An object of the invention 
is to provide an auxiliary drive which can be retrofitted to existing automobiles easily and can improve the operability, 
comfortableness, and fuel economy of the automobiles as well as to provide an automobile equipped with the auxiliary 
40 drive. 

[0008] To attain the above object, an auxiliary drive and an automobile equipped with the auxiliary drive according 
to the present invention comprise a rotating electric machine connected to an engine and functioning at least as a 
generator, speed change means disposed between the engine and a wheel axle and/or means for controlling gear 
ratio or shift points of the speed change means. 

45 [0009] More preferably, the auxiliary drive and the automobile equipped with the auxiliary drive according to the 
present invention comprise a rotating electric machine connected to an engine and functioning at least as a generator, 
speed change means disposed between the engine and a wheel axle, demanded braking force detection means for 
detecting braking force demanded by a driver, engine braking force calculation means for calculating. engine braking 
force and/or regenerative braking force calculation means for calculating regenerative braking force produced by re- 

50 generative power generation of the rotating electric machine, wherein gear ratio or shift point of the speed change 
means is controlled based on information from the demanded braking force detection means, the engine braking force 
calculation means and the regenerative braking force calculation means. 

[0010] According to the above-described structure, it is possible to efficiently recover the automobile's kinetic energy 
resulting from deceleration, i.e., deceleration energy, and use the recovered deceleration energy for operating the 
55 rotating electric machine as a motor, and thereby improve the operability, comfortableness, safety, and even fuel econ- 
omy of the automobile. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] 

5 Fig. 1 is an overall structural diagram of an auxiliary drive and an automobile equipped with the auxiliary drive 

according to an embodiment of the present invention. 

Fig. 2 is a view showing operation modes of first and second motor-generators. 

Fig. 3 is a view showing a control flow of operating condition control means. 

Fig. 4 is a view showing part of the control flow of operating condition control means. 
10 Fig. 5 is a speed change diagram of a four-speed automatic transmission. 

Fig. 6 is a view showing an example of braking force control based on operating condition control. 

Fig. 7 is a view showing an example of charging amount control based on operating condition control. 

Fig. 8 is views showing time charts depicting vehicle speed, gear ratio of speed change means, rotational speed, 

braking force acting on an automobile, and amount of electric power generated by a first motor-generator. 
15 Fig. 9 is views showing time charts depicting vehicle speed, gear ratio of speed change means, rotational speed, 

braking force acting on an automobile, and amount of electric power generated by a first motor-generator. 

Fig. 1 0 is a view showing an example of generator torque distribution control based on operating condition control. 

Fig. 11 is a view showing a control flow of operating condition control means. 

Fig. 12 is a view showing a control flow of operating condition control means. 
20 Fig. 1 3 is views showing an example of a relationship between slip rate and driving force produced between wheels 

and a road surface. 

Fig. 14 is a views showing an example of a relationship between slip rate and driving force produced between 
wheels and a road surface. 

Fig. 15 is a view showing an example of driving force control based on operating condition control. 
2s Fig. 16 is views showing time charts depicting vehicle speed, gear ratio of speed change means, driving force, 

and rotational speed of an engine 

Fig. 17 is a view showing an example of motor torque distribution control based on operating condition control. 
DESCRIPTION OF PREFERRED EMBODIMENT OF THE INVENTION 

30 

[0012] An embodiment of the present invention will be described hereinafter with reference to the drawings. 
[0013] Fig. 1 shows an overall structure of an auxiliary drive 1 and automobile 1 00 equipped with the auxiliary drive 
1 according to the embodiment of the present invention. 

[0014] In Fig. 1 , the auxiliary drive 1 comprises a first motor-generator (hereinafter referred to as a first MG) 2 con- 

35 nected to an engine 101, for example, via a belt, chain, or the like; a first inverter 4 which converts DC power of a 
battery 6 into AC power to output to the first MG 2 and converts AC power generated in the first MG 2 into DC power 
to output to the battery 6; a second motor-generator (hereinafter referred to as a second MG) 3 connected to a second 
wheel drive shaft 106; a second inverter 5 which converts DC power of the battery 6 into AC power to output to the 
second MG 3 and converts AC power generated in the second MG 3 into DC power to output to the battery 6; the 

40 battery 6 which transfers DC power between the first and second inverters 4 and 5; and operating condition control 
: means 1 0 for controlling operating conditions of the first MG 2 and the second MG 3. 

[0015] The operating condition control means 10 comprises vehicle speed calculation means 20 for calculating ve- 
hicle speed of the automobile 100 based on wheel speed of driven wheels (rear wheels 108a and 108b in Fig. 1); 
demanded braking force detection means 21 -for detecting ON/OFF state of a brake pedal 113 and braking force de- 

^5 manded by the driver; engine braking force calculation means 22 for calculating engine braking force acting on the 
automobile 100; regenerative braking force calculation means 23 for calculating regenerative braking force, i.e., the 
braking force acting on the automobile 100 due to operation of the first MG 2 and the second MG 3 as generators 
(regeneration); battery condition detection means 24 for detecting charging rate, etc. of the battery 6; and demanded 
driving force detection means 25 for detecting ON/OFF state of an accelerator pedal 1 14 and driving force demanded 

50 by the driver. 

[0016] Wheel speed detection means 110a, 110b, 110c, and 11 Od comprise, for example, rotational speed sensors. 
The vehicle speed calculation means 20 comprises arithmetic circuitry or arithmetic processing for calculating the 
vehicle speed of the automobile 100, on the basis of information from the wheel speed detection means 110a, 110b, 
1 1 0c, and 11 Od as well as wheel radius of front wh eels 1 07a and 1 07b or rear wheels 1 08a and 1 08b, etc. The demanded 
55 braking force detection means 21 comprises arithmetic circuitry or arithmetic processing for calculating the braking 
force demanded by the driver using, for example proportionality, on the basis of stroke of the brake pedal 113, pedal 
pressure, or the like. The engine braking force calculation means 22 comprises arithmetic circuitry or arithmetic process- 
ing for calculating the engine braking force acting on the automobile 100, on the basis of the rotational speed of the 
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engine 101, etc. The regenerative braking force calculation means 23 comprises arithmetic circuitry or arithmetic 
processing for calculating the regenerative braking force acting on the automobile 1 00, on the basis of generator torque 
of the first MG 2, rotational speed of the engine 1 01 , etc. The battery condition detection means 24 comprises arithmetic 
circuitry or arithmetic processing for calculating charging rate of the battery 6 r on the basis of charge current charged 
s into the battery 6 and discharge current discharged from the battery 6, terminal voltage of the battery 6 during charging 
and discharging and temperature, etc. The demanded driving force detection means 25 comprises arithmetic circuitry 
or arithmetic processing for detecting the driving force demanded by the driver using, for example, proportionality, on 
the basis of stroke of the accelerator pedal 114, etc. 

[0017] In Fig. 1 , the automobile 100 comprises the engine 101 which generates rotational driving force by burning 

10 fossil fuel or the like; a first wheel drive shaft 1 05; the second wheel drive shaft 1 06; the front wheels 1 07a and 1 07b; 
the rear wheels 1 08a and 1 08b; first driving force transmitting means 1 02 and speed change means 1 04 which convert 
the rotational driving force of the engine 1 01 and the first MG 2 to transmit to the first wheel drive shaft 1 05 as well as 
convert the rotational driving force of the first wheel drive shaft 105 to transmit to the engine 101 and the first MG 2; 
second driving force transmitting means 1 03 which convert the rotational driving force of the second MG 3 to transmit 

15 to the second wheel drive shaft 1 06 as well as convert the rotational driving force of the second wheel drive shaft 1 06 
to transmit to the second MG 3; the wheel speed detection means 110a, 110b, 110c, and 110d for detecting the wheel 
speed of the front wheels 107a and 107b and the rear wheels 108a and 108b; engine control means 111 for controlling 
the engine 101; and control means 112 for the speed change means for controlling the speed change means 104. 
[0018] The first driving force transmitting means 102 (or driving force transmission device), which mainly plays the 

20 role of starting the automobile 1 00 smoothly, comprises, for example, a torque converter, an electromagnetic clutch, 
a hydraulic clutch, or the like. The speed change means 104 (or transmission), which plays the role of changing the 
rotational driving force of the engine 1 01 appropriately according to the driving state of the automobile 1 00, comprises, 
for example, a multi-speed automatic transmission, continuously variable automatic transmission, or the like. In the 
present invention, any one of the above-mentioned first driving force transmitting means 1 02 and any one of the above- 

25 mentioned speed change means 104 can be used in combination and the same advantages can be afforded with 
respect to any one of combination. 

[0019] The engine 101, the first MG 2, and the second MG 3 are not necessarily be arranged as shown in Fig. 1. 
For example, a structure may be employed in which the engine 101 and the first MG 2 drive the second wheel drive 
shaft 1 06 while the second MG 3 drives the first wheel drive shaft 1 05. 

30 [0020] Fig. 2 shows operation modes of the first MG 2 and the second MG 3 according to the embodiment of the 
present invention. In the drawing, the driving states of the automobile 100 to which the operation modes are applied 
are listed under "Driving state", operating statuses of the first MG 2 and the second MG 3 are listed under "Operating 
status", and various types of control performed in operating condition control of the first MG 2 and the second MG 3 
are listed under "Operating condition control items". 

35 [0021] Incidentally, in the drawing, "regeneration" indicates a state in which the first MG 2 or the second MG 3 is 
operating as a generator by receiving rotational driving force of the first or second wheel drive shaft 1 05 or 1 06, "gen- 
erator" indicates a state in which the first MG 2 is operating as a generator by receiving rotational driving force of the 
engine, "motor" indicates a state in which the first MG 2 or the second MG 3 is operating as a motor using the electric 
energy stored in the battery 6 as a power source, and "free" indicates a state in which neither motoring operation nor 

40 generating operation is performed. 

[0022] The circles in the "Drive condition control items" indicate that the given control is effected. 
[0023] Now, with reference to control flows in Figs 3, 11, and 12, description will be given hereinafter about the 
operating condition control and processing performed by the operating condition control means 10 by operating the 
first MG 2 and the second MG 3 to improve the operability, comfortableness, and fuei economy of the automobile 1 00. 

45 Rg. 3 shows selection of operation modes 1 A, 1 B and 1 C and Fig. 1 1 shows selection of operation modes 2A, 2B and 
2C , and Fig. 1 2 shows selection of operation modes 2D and 2E. "START 1 in the drawings means a start of the automobile 
100. 

[0024] First, description will be given about a case in which the automobile 1 00 shifts from constant-speed running 
or acceleration running to deceleration running and continues deceleration running. In this case, the first MG 2 and 
50 the second MG 3 are operated in accordance with any one of the operation modes 1 A, 1 B and 1C and kinetic energy 
of the automobile 100 resulted from deceleration (hereinafter referred as deceleration energy) is efficiently recovered. 
[0025] Step 1 will be described hereinafter. 

[0026] At the same time when the automobile 1 00 starts, the operating condition control means 1 0 selects an optimum 
operation mode, on the basis of information, such as the terminal voltage and charging rate of the battery 6 obtained 
55 from the battery condition detection means 24; information obtained from the demanded braking force detection means 
21 and the demanded driving force detection means 25; information, such as cooling water temperature, intake and 
exhaust temperature, and combustion condition, obtained from the engine 101 ; motor characteristics (torque charac- 
teristics, motor efficiency and the like) and generator characteristics (generator output, generator efficiency and the 
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like) of the first MG 2 and the second MG 3. 

[0027] At the time of selecting an operation mode, it is possible to take into consideration the driver's request to 
recover deceleration energy detected by deceleration energy recovery request detection means (not shown) of the 
automobile 100. 

5 [0028] Now, an example of operation mode selection in Step 1 will be described hereinafter. 

[0029] At the time of running on a slippery road for example (hereinafter referred as a low-coefficient of friction road) 
such as a wet road, snowy road, or frozen road or the like operation mode 1C is selected because it is desirable to 
operate the first MG 2 and the second MG 3 as generators (regeneration) simultaneously not so as to destroy braking 
balance. The road conditions are inferred from a slip rate obtained from the vehicle speed and the wheel speed. 

w [0030] If the charging rate of the battery 6 hovers near the upper or lower limit of a prescribed range, the operation 
mode 1 C is selected because it is desirable to use generator torque distribution control described later. 
[0031] The above is an example of operation mode selection in Step 1 . However, this is not restrictive. An optimum 
operation mode is selected on the basis of the various information described above 

[0032] Now, description will be given hereinafter about a case in which the operation mode 1 A Is selected in Step 1 , 
15 i.e., the operating status of the first MG 2 Is regeneration and the operating status of the second MG 3 is free. 
[0033] Step 2 will be described hereinafter. 

[0034] The operating condition control means 1 0 detects ON/OFF state of the accelerator pedal 1 1 4, and when the 
accelerator pedal 114 enters an OFF state, the step is moved to Step 3. If the accelerator pedal 114 is in the ON state, 
the step is moved to Step 1 and selection of operation mode is continued. 

20 [0035] Step 3 will be described hereinafter. 

[0036] During running, the control means 112 for the speed change means selects a gear ratio of the speed change 
means 104 on the basis of opening degree of a throttle (not shown) located near the engine 101 , vehicle speed, and 
other information and with reference to a speed diagram or the like (not shown), and issues a speed change command 
for up-shift (speed change decreasing the gear ratio) and down-shift (speed change increasing the gear ratio) to the 

25 speed change means 104. In response to the speed change command, the speed change means 104 effects either 
of the above-mentioned gear changes. 

[0037] At the time of shifting from constant-speed running or acceleration running to deceleration running in the 
absence of operating condition control, as the accelerator pedal 114 shifts from the ON state to the OFF state, causing 
the throttle to change from an open state to a closed state (hereinafter referred as a shift to a full closed state), the 
30 control means 1 1 2 for the speed change means may output an up-shift command to the speed change means 1 04 in 
accordance with the above description. In response to this speed change command, the speed change means 104 
performs gear change of the up-shift. 

[0038] However, in a case in which the operating condition control based on the operation mode 1 A is effected, the 
operating condition control means 1 0 issues to the control means 112 for the speed change means a command not to 
35 output a speed change instruction to the speed change means 104 on the basis of speed change means control and 
to output a speed change instruction to properly determine gear ratio of the speed change means 104 to the speed 
change means 1 04. With this, the speed change means 1 04 performs gear change to the gear ratio determined by the 
operating condition control means 10. 

[0039] Now, an example of method to determine gear ratio of the speed change means 1 04 in Step 3 will be described 
40 hereinafter. 

[0040] The engine braking force acting on the automobile 100 is calculated by the engine braking force calculation 
means 22 on the basis of Equation (1), for example. 

FE = (TF x iG x iF)/rW Equation (1) 

where FE is the engine braking force, TF is friction torque of the engine 101, iG is the gear ratio of the speed 
change means 104, iF is the reduction gear ratio of a final reduction gear (not shown), and rW is an effective radius 
of the front wheels 1 07a and 1 07b. Regarding the friction torque TF of the engine 1 01 , values grasped in advance may 
be retained as a map. 

[0041] The operating condition control means 10 estimates changes in the gear ratio of the speed change means 
104 and changes in the friction torque of the engine 101, resulting from speed changes, extracts a gear ratio which 
maximizes the rotational speed of the engine without causing the engine braking force calculated, for example, ac- 
cording to Equation (1) to exceed a predetermined braking force and without causing overspeed, and then based on 
this, determines a value of gear ratio which can be actually adopted by the speed change means 104. 
[0042] The predetermined braking force comprises a braking force which does not degrade ride quality. This is, for 
example, force which results deceleration of (0.1 x gravitational acceleration) on the automobile 100. However, with 
regard to predetermined braking force, an optimum value may be set in accordance with the structure of the automobile 
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100. 

[0043] The gear ratio determined above is output as a speed change command to the speed change means 104, 
which then performs gear change. However, if the speed change means 1 04 is a multi-speed automatic transmission, 
the gear ratio used before entering deceleration running may be maintained in some cases because the multi-speed 
automatic transmission has a limited number of speeds. 

[0044] In addition, it is possible to adjust the opening degree of the throttle (not shown) as well as the valve timing 
or the like of intake and exhaust valves (not shown) installed in the engine 1 01 in order to reduce the friction torque of 
the engine 101 . With this, it is possible to further increase the rotational speed of the engine 101 . 
[0045] Fig. 4 is part of the control flow of the operation mode 1A and shows the above-mentioned sequence of 
processes in Step 3 into Step 3-I, Step 3-II, and Step 3-III. 

[0046] Fig. 5 is a gear change diagram when the speed change means 1 04 is a four-speed automatic transmission. 
The horizontal axis represents vehicle speed and the vertical axis represents opening degree (0% to 100%) of the 
throttle. In Fig. 5, "Up-shift lines" indicated by solid lines represent boundaries of conditions for up-shifts. A shift from 
a first gear to a second gear of which gear ratio is the largest ("1 st gear -> 2nd gear" In the drawing), a shift from the 
second gear to a third gear ("2nd gear -> 3rd gear" in the drawing), and a shift from the third gear to a fourth gear of 
which gear ratio is the smallest ("3rd gear 4th gear" in the drawing) are shown. "Downshift lines" indicated by broken 
lines represent boundaries of conditions for down-shifts. A shift from the fourth gear to the third gear of which gear 
ratio is the smallest ( B 3rd gear <- 4th gear" in the drawing), a shift from the third gear to the second gear ("2nd gear 
<- 3rd gear 11 in the drawing), a shift from the second gear to the first gear of which gear ratio is the largest ("1st gear 
<r- 2nd gear" in the drawing) are shown. 

[0047] Description will be given hereinafter about a case in which the automobile 100 running at a constant speed, 
more specifically, the automobile 100 running at 40 km/h, 25% opening degree of the throttle and the third gear of the 
speed change means 104 enters deceleration running, for example, at operating point (1). 

[0048] When the first MG 2 is not operated as a generator (regeneration) and speed change means control is not 
effected, if the accelerator pedal 114 shifts from the ON state to the OFF state, causing the opening degree of the 
throttle to change from 25% to 0% ("operation A" in the drawing), the control means 112 for the speed change means 
outputs an up-shift command to the speed change means 104 to shift from the third gear to the fourth gear since the 
"3rd gear 4th gear" up-shift line is crossed on the speed change diagram. In response to the command, the speed 
change means 104 performs gear change of up-shift from the third gear to the fourth gear. 

[0049] However, if the first MG 2 is operated as a generator (regeneration) and speed change means control is 
effected, the control means 1 12 for the speed change means outputs the speed change command determined by the 
operating condition control means 10 to the speed change means 1 04. In response to the speed change command, 
the speed change means 1 04 maintains the current third gear for constant-speed running or performs gear shift to the 
first gear, the second gear, or the fourth gear. 

[0050] An example of speed change means control has been described above about a case in which the speed 
change means 104 is a four-speed automatic transmission, but this similarly applies to other automatic transmissions 
and continuously variable transmissions. 

[0051] By effecting the speed change means control as described above, the rotational speed of the engine 101 is 
increased and the rotational speed of the first MG 2 connected to the engine 101 is increased. Therefore, it is possible 
to increase an amount of energy recovered upon a shift to deceleration running. 
[0052] Step 4 will be described hereinafter. 

[0053] The operating condition control means 10 detects the ON/OFF state of the brake pedal 113, and when the 
brake pedal 113 enters the ON state, the step goes to Step 5. If the brake pedal 113 Is in the OFF state, the step goes 
to Step 1 , selection of operation mode is continued. 
[0054] Steps 5 and 6 will be described hereinafter. 

[0055] In order to make the first MG 2 recover deceleration energy, it is necessary to operate the first MG 2 as a 
generator (regeneration) so as to generate a negative rotational driving force. For that, the operating condition control 
means 1 0 determines an appropriate negative torque (hereinafter referred as generator torque) on the basis of braking 
force control and charging amount control (Step 5), and outputs this as a generator torque command (Step 6). In 
response to this command, the first MG 2 is operated as a generator (regeneration). 
[0056] Now, an example of the braking force control in Step 5 will be described hereinafter. 
[0057] An amount of deceleration energy recovered by the first MG 2 depends on the generator torque. Generally, 
if the generator torque is increased, an amount of deceleration energy to be recovered is increased accordingly. How- 
ever, the negative rotational driving force generated by the first MG 2 accompanied with the operation as a generator 
(regeneration) is transmitted to the first wheel drive shaft 1 05 after being converted by the first driving force transmitting 
means 102 and the speed change means 104 and acts as a braking force on the automobile 100. Therefore, at the 
time of determining generator torque, the braking force demanded by the driver needs to be taken Into consideration. 
Besides, difference in braking force between when the first MG 2 is operated as a generator (with regeneration) and 
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when the first MG 2 Is not operated as a generator (without regeneration) should be reduced to a degree that the driver 
does not experience an uncomfortable feeling. The braking force control is control satisfying the above conditions. 
[0058] Fig. 6 is a view showing an example of the braking force control. The horizontal axis represents the braking 
force demanded by the driver detected by the demanded braking force detection means 21 and the vertical axis rep- 

5 resents the braking force acting on the automobile 100. "Range (1)" is a range in which only the braking force produced 
by the generator operation (regeneration) of the first MG 2 acts on the automobile 100. In this range, the generator 
torque of the first MG 2 is adjusted according to the braking force demanded by the driver and control is effected so 
that the braking force produced by the generator operation (regeneration) of the first MG 2 becomes approximately 
equal to the braking force demanded by the driver. "Range (2)" is a range in which sum of the braking force produced 

10 by friction brakes (not shown) installed in the front wheels 107a and 107b and rear wheels 108a and 108b and the 
braking force produced by the generator operation (regeneration) of the first MG 2 acts on the automobile 1 00. In this 
range, the generator torque of the first MG 2 is adjusted so that the braking force produced by the generator operation 
(regeneration) of the first MG 2 does not exceed a predetermined certain value regardless of the braking force de- 
manded by the driver. Also, control is effected so that sum of the braking force produced by the friction brakes and the 

f5 braking force produced by the generator operation (regeneration) of the first MG 2 becomes approximately equal to 
the braking force demanded by the driver. 

[0059] By effecting the braking force control described above, it is possible to produce braking force in conformity 
with the braking force demanded by the driver and difference in braking force between when the first MG 2 is operated 
as a generator (with regeneration) and when the first MG 2 is not operated as a generator (without regeneration) can 
20 be reduced to a degree that the driver does not experience a strange feeling. 

[0060] In order to prevent the driver from experiencing a strange feeling, it is desirable that the braking force produced 
by the generator operation (regeneration) of the first MG 2 should be less than force which exerts deceleration of (0.05 
x gravitational acceleration) on the automobile 100 

[0061] Now, an example of charging amount control in Step 5 will be described hereinafter. 

25 [0062] An amount of deceleration energy recovered by the first MG 2 depends on generator torque. Generally, if the 
generator torque is increased, an amount of the deceleration energy to be recovered is increased accordingly, and the 
electric power to be charged into the battery 6 (hereinafter referred as charging electric power) also is increased. 
However, since the terminal voltage of the battery 6 becomes high in proportion to the charging electric power, it is 
necessary to take into consideration so that the terminal voltage of the battery 6 does not exceed a predetermined 

30 prescribed range (hereinafter referred as a prescribed voltage range) when deciding generator torque. Also, it is nec- 
essary to keep the charging rate of the battery 6 within a predetermined prescribed range notso as to lower the durability 
of the battery 6. The charging amount control is control satisfying the above conditions. 

[0063] The prescribed voltage range is a range in which electric loads (not shown) to be connected to the battery 6, 
such as an electric air conditioner, an injector, lamps, etc. operate stably. 

35 [0064] Fig. 7 is a view showing an example of the charging amount control. The horizontal axis represents an amount 
of electric current (hereinafter referred as an amount of charge current) charged into the battery 6 and the vertical axis 
represents the terminal voltage of the battery 6. The drawing shows the relationship between the amount of charge 
current and the terminal voltage of the battery 6 when the charging rate of the battery 6, which varies in the range of 
0% to 100%, is 60%, 80% and 90%. Such characteristics can be grasped beforehand as charging characteristics of 

to the battery 6. Then, by referring to these characteristics, it is possible to know the maximum amount of charge current 
that the terminal voltage of the battery 6 does not exceed the prescribed voltage range. For example, when the charging 
rate of the battery 6 Is 80%, "amount of current (1)" in the drawing represents the maximum amount of charge current, 
which gives the maximum charging electric power when multiplied by an upper limit value of the prescribed voltage 
range of the battery 6. This charging electric power, when divided by the charging efficiency of the battery 6, conversion 

45 efficiency of the first inverter 4, generating efficiency of the first MG 2, etc., gives generating driving input for the first 
MG 2. Based on this, the operating condition control means 10 determines the generator torque of the first MG 2. 
[0065] Further, the operating condition control means 1 0 monitors the charging rate obtained from the battery con- 
dition detection means 24 and, on the basis of it, determines the generator torque of the first MG 2. 
[0066] By effecting the charging amount control described above, it is possible to maximize the charging electric 

50 power in a range in which the terminal voltage of the battery 6 does not exceed its prescribed voltage range and it is 
possible to keep the charging rate of the battery 6 within a predetermined prescribed range. 
[0067] Step 7 will be described hereinafter. 

[0068] In and after Step 5, the accelerator pedal 1 1 4 is OFF and the brake pedal 1 1 3 is ON, and therefore, normally, 
the automobile 100 Is in condition continuing deceleration running. 
55 [0069] During the deceleration running, the control means 112 for the speed change means selects a gear ratio of 
the speed change means 104 on the basis of information such as opening degree of a throttle (not shown) located 
near the engine 101, vehicle speed and the like and with reference to a speed change diagram or the like (not shown), 
and issues a down-shift command (speed change which increases the gearratio) to the speed change means 104. In 
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response to the speed change command, the speed change means 104 performs gear change of down-shift. 
[0070] In a case in which the operating condition control is not effected, as described above, a gear ratio. selected 
with reference to the speed change diagram or the like is output as a speed change command to the speed change 
means 104, and in response to the command, the speed change means 104 performs gear change. 

s [0071] However, in a case in which the operating condition control based on the operation mode 1 A is effected, the 
operating condition control means 10 issues to the control means 112 for the speed change means a command not to 
output a speed change instruction to the speed change means 1 04 on the basis of speed change means control and 
to output a speed change instruction to properly determine gear ratio of the speed change means 104 to the speed 
change means 1 04, With this, the speed change means 1 04 performs gear change to the gear ratio determined by the 

10 operating condition control means 10. 

[0072] Description will be given hereinafter about an example of method to determine gear ratio of the speed change 
means 104 in Step 7 in a case where the first driving force transmitting means 102 is an electromagnetic clutch or 
hydraulic clutch or in a case where the first driving force transmitting means 1 02 is a torque converter which is clocked 
up. 

15 [0073] The engine braking force acting on the automobile 1 00 is calculated by the engine braking force calculation 
means 22 on the basis of Equation (1), for example, as described above. 

[0074] Further, the braking force acting on the automobile 1 00 by generator operation (regeneration) of the first MG 
2, i.e., regenerative braking force is calculated by the regenerative braking force calculation means 23 on the basis of 
Equation (2), for example. 

20 

FR = (TG x iP x iG x IF)/rW Equation (2) 

where FR is the regenerative braking force, TG is the generator torque of the first MG 2, and iP is a pulley ratio 

25 between the first MG 2 and engine 1 01 . 

[0075] The operating condition control means 10 estimates changes in the gear ratio of the speed change means 
104 accompanied with gear change and changes in the friction torque of the engine 101, extracts gear ratio which 
maximizes an amount of electric power generated by the first MG 2 in a range sum of the engine braking force calculated, 
for example, according to Equation (1 ) and the regenerative braking force calculated, for example, according to Equa- 

30 tion (2) does not exceed the braking force demanded the driver, and then, on the basis of this, determines a value, 
which the speed change means 104 can actually adopt, to gear ratio. 

[0076] Further, the braking force demanded by the driver is calculated, for example, in proportional relation, by the 
demanded braking force detection means 21 on the basis of stroke of the brake pedal 113 or pedal pressure. 
[0077] Further, an amount of electric power generated by the first MG 2 can be obtained by grasping in advance 
35 electric power generation characteristics of which parameters are the rotational speed and the generator torque of the 
first MG 2 and by keeping them as a map. 

[0078] Hereinafter, description will be given about an example of method to determine gear ratio of the speed change 
means 1 04 in Step 7 in a case where the first driving force transmitting means 102 is a torque converter which is not 
locked up. 

40 [0079] Engine braking force acting on the automobile is calculated by the engine braking force calculation means 
on the basis of Equation (3), for example. 

FE = ((NOUT x NOUT) x t x iG x iF)/rW Equation (3) 

45 

where NOUT is the rotational speed of the first driving force transmitting means 102 on the side of the speed 
change means 1 04, t is the torque capacity of the torque converter serving as the first driving force transmitting means 
102. 

[0080] Incidentally, the rotational speed NOUT of the first driving force transmitting means 102 on the side of the 
so speed change means 104 is calculated on the basis of Equation (4). 

NOUT = (VV/rW) x iG x iF Equation (4) 

55 where VV is vehicle speed, which is calculated by the vehicle speed calculation means 20. 

[0081] Further, the torque capacity t of the torque converter is uniquely determined by velocity ratio e defined by 
Equation (5). Values grasped in advance can be retained as a map. 
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e = NOUT/NIN Equation (5) 

where NIN is the rotational speed of the first driving force transmitting means 102 on the side of the engine 101 , 

5 i.e., the rotational speed of the engine 1 01 . 

[0082] The operating condition control means 10 estimates changes in the gear ratio of the speed change means 
104 and changes in the rotational speed and friction torque of the engine 101 , resulting from speed changes, extracts 
gear ratio which maximizes an amount of electric power generated by the first MG 2 in a range in which engine braking 
force calculated, for example, according to Equation (3) does not exceed the braking force demanded by the driver, 

10 and then on the basis of this, determines a value, which the speed change means 1 04 can actually adopt, to gear ratio. 
[0083] The gear ratio determined above is output as a speed change command to the speed change means 104 
and gear change is performed. However, If the speed change means 104 is a multi-speed automatic transmission, 
gear change of down-shift is done when the value determined above exceeds an available gear ratio since there is a 
limit of the number of available gears. 

15 [0084] Further, in order to reduce the friction torque of the engine 101 , it is possible to carry out adjustment of the 
opening degree of the throttle (not shown) as well as the valve timing or the like of intake and exhaust valves (not 
shown) installed in the engine 101 . With this, it is possible to further increase an amount of electric power generated 
by the first MG 2. 

[0085] Fig. 4 is a part of the control flow of the operation mode 1 A and shows the above-described series of sequence 
20 of processes in Step 7 as Step 7-I, Step 7-II and Step 7-III. 

[0086] Referring to Fig. 5, description will be given hereinafter about a case in which the automobile 100 continues 
deceleration running from an operating point (2), more specifically, vehicle speed is 40 km/h, the opening degree of 
the throttle is 0% and the gear ratio of the speed change means 104 is third gear determined by the speed change 
means control in Step 3. 

25 [0087] In a case where the first MG 2 is not operated as a generator (regeneration) and speed change means control 
is not effected, if the vehicle speed is lowered as a result of continuation of the deceleration running ("operation B" in 
the drawing), the control means 1 1 2 for the speed change means outputs a down-shift command to the speed change 
means 104 to shift from third gear to second gear when the "2nd gear <- 3rd gear" down-shift line is crossed on the 
speed change diagram, i.e., when the vehicle speed reaches "vehicle speed (1) n . Similarly, the control means 112 for 

30 the speed change means outputs a down-shift command to the speed change means 104 to shift from second gear 
to first gear when "1st gear «- 2nd gear" down-shift line is crossed, i.e., when the vehicle speed reaches "vehicle speed 
(2)". In response to these commands, the speed change means 104 performs gear changes of down-shift. That is, if 
the same speed change diagram is used, gear changes of down-shift are always performed at fixed vehicle speeds, 
respectively. 

35 [0068] However, when the first MG 2 is operated as a generator (regeneration) and the speed change means control 
is effected, the control means 112 for the speed change means outputs to the speed change means 104 a down-shift 
command to shift from third gear to second gear and a down-shift command to shift from second gear to first gear so 
as to maximize an amount of electric power generated by the first MG 2. In response to these commands, the speed 
change means 1 04 performs each of gear changes of down-shift. That is, the vehicle speeds at which down-shifts are 

^0 made are not fixed, but varies depending on the driving state. 

[0089] An example of the speed change means control has been described above about a case in which the speed 
change means 1 04 is a four-speed automatic transmission, but this similarly applies to other automatic transmissions 
and continuously variable transmissions. 

[0090] The use of the speed change means control as described above increases an amount of electric power gen- 
45 erated by the first MG 2, and therefore, it is possible to increase the deceleration energy to be recovered. 
[0091] Step 8 will be described hereinafter. 

[0092] If due to continuation of the deceleration running, the rotational speed of the first driving force transmitting 
means 1 1 2 on the side of the speed change means 1 04 falls below a predetermined value such as idling speed (here- 
inafter referred as the minimum necessary rotational speed) and the engine 1 01 is forced to generate rotational driving 
so force to maintain rotation, it is not desirable in terms of fuel economy to operate the first MG 2 as a generator (regen- 
eration). For this reason, if driving in accordance with the operation mode 1 A is no longer applicable, step shifts to 
Step 1 to select another operation mode. If driving in accordance with the operation mode 1A remains in effect, the 
step goes to Step 9. 

[0093] Step 9 will be described hereinafter. 
55 [0094] The operating condition control means 1 0 judges whether it is necessary to shift to another operation mode. 
If it is, process goes to Step 1 . If it is not necessary, process goes to Step 4, where the operating conditions control in 
accordance with the operation mode 1 A is continued. 

[0095] Steps 2 to 9 are the operating condition control and processes on the basis of the operation mode 1 A. 
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[0096] Referring to Fig. 8, description will be given hereinafter about advantages of the operating condition control 
based on the operation mode 1 A citing a case in which the first driving force transmitting means 102 is an electromag- 
netic clutch, hydraulic clutch, or locked-up torque converter and the speed change means 104 is a four-speed automatic 
transmission. 

5 [0097] Fig. 8 shows various time charts which depict processes in which the automobile 100 shifts from constant- 
speed running to deceleration running and stops eventually. Fig. 8(a) shows a case in which the operating condition 
control is not effected while Fig. 8(b) shows a case in which the operating condition control is effected. Charts (1) in 
Figs. 8(a) and 8(b) are time charts of vehicle speed. Charts (2), which are time charts of the gear ratio of the speed 
change means 104, depict gear changes from third gear (gear ratio = 1) in which the automobile 100 is running at a 

10 constant speed to first gear (gear ratio = 2.8) which corresponds to a stopped state. In this case, available gear ratios 
are four at the maximum. Gear ratios upon transitional between each gear do not exist in fact. Charts (3) are time 
charts which depict the rotational speed of the engine 101 and rotational speed of the first driving force transmitting 
means 102 on the side of the speed change means 104. Charts (4), which are time charts of the braking force acting 
on the automobile 100, represent the braking force demanded by the driver and sum of the engine braking force and 

15 the regenerative braking force. Charts (5) are time charts of an amount of electric power generated by the first MG 2. 
[0098] At the time of shifting from constant-speed running to deceleration running in a case in which the operating 
condition control is not effected, the speed change means 104 performs gear change of up-shift from third gear to 
fourth gear as shown in Fig. 8(a)(1). However, if the operating condition control is effected, the speed change means 
104 maintains the current third gear for constant-speed running as shown in Fig. 8(b)(1). Also, the speed change 

20 means 1 04 performs gear changes of down-shift from third gear to second gear and from second gear to first gear so 
as to maximize an amount of electric power generated by the first MG 2. Consequently, the amount of electric power 
generated by the first MG 2 is increased in comparison with a case in which the operating condition control is not 
effected, as shown in Fig. 8(a)(5). The sum of the engine braking force and the regenerative braking force at this time 
is kept smaller than the braking force demanded by the driver. 

25 [0099] Fig. 9 shows advantages of a case in which the operating condition control based on the operation mode 1 A 
is effected, citing another example in which the first driving force transmitting means 102 is a torque converter which 
is not locked up and the speed change means 104 is a four-speed automatic transmission. 

[01 00] As is the case with the example of Fig. 8, an amount of electric power generated by the first MG 2 is increased 
in comparison with a case in which the operating condition control Is not effected, as shown in Fig. 9(a)(5). The sum 
30 of the engine braking force and the regenerative braking force at this time is kept smaller than the braking force de- 
manded by the driver. 

[01 01] The advantages of the operating condition control based on the operation mode 1 A has been described above, 
citing cases in which the first driving force transmitting means 1 02 is an electromagnetic clutch, hydraulic clutch, locked- 
up torque converter, or torque converter not locked up and the speed change means 104 is a four-speed automatic 
35 transmission. As described above, the present invention can provide advantages against any one of structures in which 
any one of the above-mentioned first driving force transmitting means 1 02 and any one of the above-mentioned speed 
change means 104 are combined. 

[0102] Now, description will be given hereinafter about a case in which the operation mode 1 B is selected in Step 1 , 
i.e., a case in which the operating status of the first MG 2 is free and the operating status of the second MG 3 is 
40 regeneration. 

[0103] Step 1 0 will be described hereinafter. 

[0104] The operating condition control means 10 detects the ON/OFF state of the brake pedal 113, and when the 
brake pedal 113 becomes an ON state, the process goes to Step 5'. If the brake pedal 113 is in the OFF state, the 
process goes to Step 1 , where selection of operation mode is continued. 
45 [0105] Steps 5' and 6' will be described hereinafter. 
[0106] Step 5' is similar to Step 5. 
[0107] Step 6' is similar to Step 6. 
[0108] Step 11 will be described hereinafter. 

[0109] If, due to continuation of the deceleration running, the rotational speed of the second wheel drive shaft 106 
so decreases and the rotational speed of the second MG 3 connected to the second wheel drive shaft 1 06 via the second 
driving force transmitting means 103 falls below the rotational speed which generation output is obtained, it becomes 
impossible to operate the second MG 3 as a generator (regeneration). If it becomes impossible to operate the second 
MG 3 as a generator (regeneration) for this reason, for example, and driving in accordance with the operation mode 
1B is no longer applicable, the process goes to Step 1 to select another operation mode. If operation in accordance 
55 with the operation mode 1 B remains In effect, the process goes to Step 12. 
[0110] Step 12 will be described hereinafter. 

[0111] The operating condition control means 1 0 judges whether it Is necessary to shift to another operation mode. 
If it is, the process goes to Step 1. If it is not necessary, the process goes to Step 10, where the operating condition 
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control based on the operation mode 1B is continued. 

[01 12] Steps 1 0 to 1 2, Step 5' and Step 6' described above are the operating condition control and processes based 
on the operation mode 1B. 

[0113] Now, description will be given hereinafter about a case in which the operation mode 1C is selected in Step 
1 , i.e., a case in which the operating status of both first MG 2 and the second MG 3 are regeneration. 
[0114] Step 13 will be described hereinafter. 

[0115] The operating condition control means 10 detects the ON/OFF state of the accelerator pedal 114, and when 

the accelerator pedal 114 enters an OFF state, the process goes to Step 3*. If the accelerator pedal 114 is in the ON 

state, the process goes to Step 1 , where selection of operation mode is continued. 

[0116] Step 3' will be described hereinafter. 

[01 17] Step 3' is similar to Step 3. 

[0118] Step 14 will be described hereinafter. 

[0119] The operating condition control means 10 detects the ON/OFF state of the brake pedal 113, and when the 
brake pedal 113 becomes an ON state, the process goes to Step 15. If the brake pedal 113 is in the OFF state, the 
process goes to Step 1 , where selection of operation mode is continued. 
[0120] Steps 15 and 6' will be described hereinafter. 

[0121] On the basis of generator torque distribution control as well as the braking force control and the charging 
amount control described above, the operating condition control means 10 determines appropriate generator torque 
(Step 15) and outputs as a generator torque command (Step 6'). In response, the first MG 2 and the second MG 3 are 
operated as generators (regeneration). 

[0122] Now, an example of the generator torque distribution control in Step 15 will be described hereinafter. 
[01 23] An amount of deceleration energy recovered by the first MG 2 and the second MG 3 depends on the generator 
torque. In general, if the generator torque is increased, the amount of deceleration energy to be recovered is increased 
accordingly. However, this is true only if the generator efficiencies of the first MG 2 and the second MG 3 are constant 
irrespective of operating conditions, and actually it is not necessarily true because the generator efficiencies vary 
depending on operating conditions such as rotational speed and generator torque. Therefore, at the time of determining 
generator torque, the generator efficiencies of the first MG 2 and the second MG 3 need to be taken into consideration. 
The generator torque distribution control is control satisfying the above conditions. 

[0124] Fig. 10 is a view showing an example of the generator torque distribution control. The horizontal axis repre- 
sents the rotational speed of the first MG 2 and the second MG 3 and the vertical axis represents the generator torque 
of the first MG 2 and the second MG 3. The drawing shows iso-g en erator- efficiency curves at intervals of 1 0% between 
30 and 90% when the first MG 2 and the second MG 3 have the same generator efficiency. These characteristics can 
be grasped beforehand as generator characteristics, and then generator torque distribution control is performed in 
accordance with them. 

[0125] With reference to Fig. 10, description will be given about an example of generator torque distribution control 
with respect to the first MG 2 and the second MG 3 having the generator characteristic shown in Fig. 10 in a case in 
which sum of the generation outputs from the first MG 2 and the second MG 3 is maximized. 
[0126] Fig. 10 shows the rotational speeds of the first MG 2 and the second MG 3 (5000 r/min and 3000 r/min, 
respectively, in this case) at any vehicle speed during deceleration running and an upper limit vale of sum of generating 
inputs for the first MG 2 and the second MG 3 based on the braking force control (hereinafter referred as the upper 
limit value of generating input based on the braking force control). These values are not necessarily the same as those 
described above or shown in the drawing because they depend on the pulley ratio between the first MG 2 and the 
engine 101, gear ratio of the speed change means 104, reduction gear ratio of the second driving force transmitting 
means 1 03 , an upper limit value of the braking force produced by generator operation (regeneration) , vehicle speed, etc. 
[0127] If the rotational speeds of the first MG 2 and the second MG 3 are denoted by N MG1G and N MG2G , respectively, 
their generator torques are denoted by T MG1G and T MG2G , respectively, their generator efficiencies are denoted by 
"Hmgig ap d t 1mg2G» respectively, and the upper limit value of generating input based on the braking force control is 
denoted by W LIMITG , valid T MG1G and T MG2G values should satisfy (((N MG1G X 2 x tc/60) x T MG1G ) + ((N MG2G x 2 x 
ti/60) x T MG2G ) <, W UM | TG (hereinafter referred as generator torque determination criterion (1)) and there are in count- 
less numbers. 

[0128] However, in a case where the operating condition control based on the operation mode 1C is effected, the 
operating condition control means sets operating points of the first MG 2 and the second MG 3 at "operating point (1) 
of the first MG 2" and "operating point (1) of the second MG 3" in the drawing so as to maximize sum of the generating 
outputs from the first MG 2 and the second MG 3 (hereinafter referred as the sum of generating outputs), namely (( 

( N MG1G x 2 x 71/60) x 

Tmgig x ^mgig) + (( N MG2G x2x 7^60) x T MG2G x r| MG2G ), on the basis of the generator 
torque distribution control, and then determines generator torque on the basis of the operating points determined. With 
this, the sum of generating outputs are maximized and the generator torque determination criterion (1) is satisfied at 
the same time. For example, the sum of generating outputs is increased by approximately 60% in comparison with a 
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case where the first MG 2 and the second MG 3 are operated as generators (regeneration) at "operating point (2) of 
the first MG 2" and "operating point (2) of the second MG 3W in the drawing. 

[01 29] Next, with reference to Fig. 10, description will be given hereinafter about an example of the generator torque 
distribution control intended to minimize charging power for the purpose of keeping the charging rate of the battery 6 
s within a prescribed range as well as to eliminate difference in the braking force between when the first MG 2 and the 
second MG 3 are operated as generators (with regeneration) and when the first MG 2 and the second MG 3 are not 
operated as generators (without regeneration). 

[01 30] In this case, based on the generator torque distribution control, the operating condition control means 1 0 sets 
the operating points of the first MG 2 and the second MG 3 at "operating point (3) of the first MG 2" and "operating 

10 point (3) of the second MG 3" in the drawing so as to minimize the sum of the generating outputs from the first MG 2 
and the second MG 3 while satisfying (((N MG1G x 2 X n/60) x T MG1G ) + ((N MG2G x 2 x ti/60) x T MG2G ) = W LIMITG 
(hereinafter referred as generator torque determination criterion (2)), and then determines generator torque on the 
basis of the operating points determined. With this, the sum of generating outputs is minimized and the generator 
torque determination criterion (2) is satisfied at the same time. For example, the sum of generating outputs is less than 

*5 half the total output produced when the first MG 2 and the second MG 3 are operated as generators (regeneration) at 
"operating point (1) of the first MG 2" and "operating point (1) of the second MG 3" in the drawing. 
[0131] By effecting the generator torque distribution control described above, it is possible to maximize the sum of 
generating outputs from the first MG 2 and the second MG 3. Further, it is possible to keep the charging rate of the 
battery 6 within a prescribed range as well as to eliminate the difference in the braking force between when the first 

20 MG 2 and the second MG 3 are operated as generators (with regeneration) and when the first MG 2 and the second 
MG 3 are not operated as generators (without regeneration). 

[01 32] In addition, generally, the generating efficiencies of the first MG 2 and the second MG 3 tend to increase with 
increment of the rotational speed. Thus, to increase generating outputs, it is desirable to operate the first MG 2 and 
the second MG 3 as generators at high rotational speed. In this respect, the auxiliary drive 1 according to the embod- 

25 iment of the present invention, which can operate the first MG 2 as a generator at high rotational speed corresponding 
to the pulley ratio between the engine 101 and the first MG 2 (which is defined as "rotational speed of the first MG 
2/rotational speed of the engine 101" and takes a value larger than 1), is superior to a structure (pulley ratio = 1) in 
which the first MG 2 is disposed, for example, between the engine 1 01 and the first driving force transmitting means 1 02. 
[0133] Step 7' will be described hereinafter. 

30 [01 34] Step T is similar to Step 3. 

[0135] Step 16 will be described hereinafter. 

[01 36] If either the first MG 2 or the second MG 3 cannot be operated as a generator (regeneration) and consequently 
operation in accordance with the operation mode 1C is no longer applicable, the process goes to Step 1 to select 
another operation mode. If operation in accordance with the operation mode 1C remains in effect, the process goes 
35 to Step 1 7. 

[0137] Step 17 will be described hereinafter. 

[01 38] The operating condition control means 1 0 judges whether it is necessary to shift to another operation mode. 
If it is, the process goes to Step 1 . If it is not necessary, the process goes to Step 14, where the operating condition 
control based on the operation mode 1C is continued. 
40 [0139] Steps 13 to 1 7, Step 3', Step 6' and Step 7' above are the operating condition control and processes based 
on the operation mode 1C. 

[0140] Description has been given above about the operating condition control for recovering deceleration energy 
efficiently in the case where the automobile 100 shifts from copstant-speed running or acceleration running to decel- 
eration running and continues deceleration running. Now, description will be given about operating condition control 
45 for operating the first MG 2 and the second MG 3 mainly as motors using recovered deceleration energy stored in the 
battery as an energy source in order to improve the operability, comfortableness, safety, and even fuel economy of the 
automobile 100. 

[0141] Now, description will be given about a case in which the automobile 100 starts and continues acceleration 
running or constant-speed running. In this case, the first MG 2 and the second MG 3 are operated in accordance with 
50 operation mode 2A, 2B, 2C, 2D, or 2E to improve the operability, comfortableness, safety, and even fuel economy of 
the automobile 100. 

[0142] Now, the operating condition control and processes performed by the operating condition control means 10 
will be described with reference to the control flows in Figs. 11 and 12. 

[01 43] As state of the engine 1 01 in state that the automobile 1 00 is stopped, there are two states: a state in which 
55 the engine 101 is rotating at the minimum necessary rotational speed (hereinafter referred as an idling state) and a 
stopped state (hereinafter referred as an idling stop state). 
[0144] Step 20 will be described hereinafter. 

[01 45] At the same time when the automobile 1 00 starts, the operating condition control means 1 0 selects an optimum 
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operation mode on the basis of information such as the terminal voltage and charging rate of the battery 6 obtained 
from the battery condition detection means 24, information obtained from the demanded braking force detection means 
21 and demanded driving force detection means 25, information such as cooling water temperature, intake and exhaust 
temperature and combustion condition obtained from the engine 101, motor characteristics (torque characteristics, 
5 motor efficiency, etc.) and generator characteristics (generating output, generating efficiency, etc.) of the first MG 2 
and the second MG 3. 

[0146] In addition, at the time of selecting an operation mode, it is possible to take into consideration the driver's 
acceleration performance improvement request obtained by acceleration performance improvement request detection 
means (not shown) of the automobile 100. 

10 [0147] Now, an example of operation mode selection in Step 20 will be described hereinafter. 

[0148] At starting from an idling stop state and during the engine 101 being restarted by operating the first MG 2 as 
a motor, if the driver issues a start request or acceleration request, it is desirable to operate the first MG 2 and the 
second MG 3 as motors in response to the driving force demanded by the driver to assist the engine 1 01 which cannot 
generate the required rotational driving force. 

15 [0149] For example, if the driving force demanded by the driver is larger than driving force corresponding to the 
rotational driving force of the engine 1 01 and less than sum of the rotational driving force of the engine 1 01 and rotational 
driving force of the first MG 2, the operation mode 2A is selected. 

[0150] For example, if the driving force demanded by the driver is larger than driving force corresponding to the 
rotational driving force of the engine 1 01 and less than sum of the rotational driving force of the engine 1 01 and rotational 
20 driving force of the second MG 3, the operation mode 2B is selected. 

[01 51] For example, if the driving force demanded by the driver is larger than the rotational driving force of the engine 
101 and less than sum of the rotational driving force of the engine 101 and rotational driving force of the first MG 2 
and the second MG 3, the operation mode 2C is selected. 

[0152] With this, it is possible to generate the driving force which matches the driving force demanded by the driver 
25 and to start the automobile 1 00 smoothly. 

[0153] In addition, when the automobile 100 is running on a low coefficient of friction road, it is desirable to operate 
the second MG 3 as a motor. 

[0154] Road conditions are inferred from the slip rate obtained from the vehicle speed and the wheel speed. 
[0155] For example, In a stable state (the slip rate is approximately 0.2 or less) in which the front wheels 107a and 
30 1 07b and the rear wheels 1 08a and 1 08b both produce stable driving force with respect to the road surface, the oper- 
ation mode 2B is selected to control the slip rate such that the maximum driving force is generated between the rear 
wheels 108a and 108b and road surface by operating the second MG 3 as a motor. 

[01 56] An example of the relationship between the slip rate and the driving force produced between the wheels 1 07a, 
107b, 108a, and 108b and the road surface in this case is shown in Fig. 13. Fig. 13(a) shows a case in which the 

35 second MG 3 is not operated as a motor, and the front wheels 107a and 107b operate at the "operating point of the 
front wheels" in the drawing while the rear wheels 1 08a and 1 08b operate at "operating point (1 ) of the rear wheels" 
in the drawing. They are both in a stable state. Fig. 13(b) shows a case in which the second MG 3 is operated as a 
motor in accordance with the operation mode 2B, and the front wheels 107a and 1 07b operate at the "operating point 
of the front wheels" in the drawing while the rear wheels 108a and 108b operate at "operating point (2) of the rear 

*o wheels" in the drawing. They are both in a stable state. That is, the driving force generated between the rear wheels 
1 08a and 1 08b and the road surface by operating the second MG 3 as a motor in accordance with the operation mode 
2B, and therefore, the total driving force, which is sum of the driving force of the front wheels 107a and 1 07b and the 
driving force of the rear wheels 108a and 10Bb becomes large. 

[01 57] In an unstable state (the slip rate is substantially higher than 0.2) in which, for example, the front wheels 1 07a 
45 and 1 07b produce unstable driving force with respect to the road surface, operation mode 2E is selected to reduce the 
rotational driving force of the engine 1 01 by operating the first MG 2 as a generator such that the front wheels 107a 
and 107b produce stable driving force with respect to the road surface as well as to control the slip rate by operating 
the second MG 3 as a motor such that the maximum driving force are generated between the rear wheels 108a and 
108b and road surface. 

so [01 58] An example in this case of the relationship between the slip rate and the driving force produced between the 
wheels 107a, 107b, 108a, and 108b and the road surface is shown in Fig. 14. Fig. 14(a) shows a case in which the 
first MG 2 is not operated as a generator and the second MG 3 is not operated as a motor, and the front wheels 107a 
and 1 07b operate at "operating point (1 ) of the front wheels" while the rear wheels 1 08a and 1 08b operate at "operating 
point (1) of the rear wheels" in the drawing. Only the rear wheels 108a and 108b are in a stable state. Fig. 14(b) shows 

55 a case in which the first MG 2 is operated as a generator and the second MG 3 is operated as a motor in accordance 
with operation mode 2E, and the front wheels 107a and 107b operate at "operating point (2) of the front wheels" while 
the rear wheels 108a and 108b operate at "operating point (2) of the rear wheels" in the drawing. They are both in a 
stable state. That is, by operating the first MG 2 as a generator and the second MG 3 as a motor in accordance with 
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the operation mode 2E, both the driving forces generated by both front wheels 107a and 107b and rear wheels 108a 
and 108b with respect to the road surface become large, so that total driving force, which is sum of the driving force 
of the front wheels 107a and 107b and the driving force of the rear wheels 108a and 108b, becomes large. 
[0159] Accordingly, it is possible to improve the safety and operability of the automobile 100 at running on a low 
5 coefficient of friction road. Also, it is possible to hill-climb run on a relatively high steep and low coefficient friction road. 
[0160] Further, if the charging rate of the battery 6 hovers near the lower limit value of a predetermined prescribed 
range, operation mode 2D or 2E is selected to raise the charging rate of the battery 6 by operating the first MG 2 as 
a generator. 

[0161] The above is an example of selection of operation mode in Step 20. However, selection of operation mode 
10 is not always the same as described above, and an optimum operation mode is selected on the basis of the various 
information described above. 

[0162] Description will be given hereinafter about a case in which operation mode 2A is selected in Step 20, i.e., a 
case in which the operating status of the first MG 2 is motoring and the operating status of the second MG 3 is free. 
[0163] Step 21 will be described hereinafter. 
15 [0164] The operating condition control means 1 0 detects the ON/OFF state of the accelerator pedal 114, and when 
the accelerator pedal 114 becomes an ON state, the process goes to Step 22. If the accelerator pedal 114 is in the 
OFF state, the process goes to Step 20, where selection of operation mode is continued. 
[0165] Step 22 will be described hereinafter. 

[0166] As described above, during running, the control means 112 for the speed change means selects a gearratio 
20 of the speed change means 104 with reference to a speed change diagram or the like (not shown) on the basis of 
information such as the opening degree of the throttle (not shown) located near the engine 101, vehicle speed and 
other information, and outputs speed change command of up-shift (speed change decreasing the gear ratio) and down- 
shift (speed change increasing the gear ratio) to the speed change means 104. In response to the speed change 
command, the speed change means 104 performs either the above-mentioned gear changes. 
25 [0167] At the time of shifting from constant-speed running (or acceleration running in some cases) to acceleration 
running in a case in which operating condition control is not effected, when an amount of depression of the accelerator 
pedal 114 becomes large, so that the opening degree of the throttle becomes large, the control means 112 for the 
speed change means may output a down-shift command to the speed change means 104 in accordance with the 
above-described manner. In response to this speed change command, the speed change means 104 performs gear 
30 change of down-shift. 

[0168] However, in a case in which the operating condition control based on the operation mode 2A is effected, the 
operating condition control means 1 0 issues to the control means 112 for the speed change means a command not to 
output a speed change instruction to the speed change means 104 on the basis of speed change means control and 
to output a speed change instruction to properly determine gear ratio of the speed change means 104 to the speed 
35 change means 1 04. With this, the speed change means 1 04 performs gear change to the gear ratio determined by the 
operating condition control means 10. 

[0169] Referring to Fig. 5, description will be given hereinafter about a case in which the automobile 100 shifts from 
a state that the automobile 100 is running at a constant speed at "operating point (1)", for example, more specifically, 
the automobile 100 is running at 40 km/h and the opening degree of the throttle is 25% and the gear of the speed 

^o change means 104 is third gear, to acceleration running. 

[0170] In a case in which the first MG 2 is not operated as a motor and the speed change means control is effected, 
when the depression amount of the accelerator pedal 114 becomes large for acceleration running and the opening 
degree of the throttle changes from 25% to 75%, for example, ("operation C" in the drawing), the "2nd gear <- 3rd 
gear" down-shift line is crossed on the speed change diagram, so that the control means 112 for the speed change 

45 means outputs a down-shift command to the speed change means 104 to shift from third gear to second gear. In 
response to the command, the speed change means 1 04 performs gear change of down-shift from third gearto second 
gear, 

[0171] However, if the first MG 2 is operated as a motor and the speed change means control is effected, the control 
means 112 for the speed change means outputs the speed change command determined by the operating condition 
so control means 10 to the speed change means 104. In response to the speed change command, the speed change 
means 1 04 maintains the current third gear for constant-speed running. 

[0172] An example of speed change means control has been described above citing a case in which the speed 
change means 1 04 is a four-speed automatic transmission, but the above-described processes can be applied to cases 
in which the speed change means 1 04 is other automatic transmissions or continuously variable transmissions. 
55 [01 73] The use of the speed change means control as described above reduces the number of down-shifts and up- 
shifts, eliminating sharp increases in the rotational speed of the engine 1 01 and sharp changes in driving force due to 
gear changes. Therefore, the comfortableness and the operability of the automobile 100 are improved and its fuel 
economy and discharge performance are improved. 
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[0174] Steps 23 and 24 will be described hereinafter 

[0175] Based on driving force control and charging amount control, the operating condition control means 10 deter- 
mines appropriate motor torque (Step 23) and outputs it as a motor torque command (Step 24). In response to the 
command, the first MG 2 is operated as a motor. 

s [0176] Now, an example of driving force control in Step 23 will be described hereinafter. 

[0177] During acceleration running, as the first MG 2 is operated as a motor, the rotational driving force of the first 
MG 2 is added to the rotational driving force of the engine 101, increasing the driving force acting on the automobile 
1 00. Therefore, acceleration performance is improved. However, it may be difficult to operate the first MG 2 as a motor 
constantly during acceleration running due to restrictions on the electric energy stored in the battery 6, restrictions on 

*o durability of the first inverter 4, etc. In such cases, it becomes necessary to operate the first MG 2 as a motor only 
under certain conditions. Alternatively, the rotational driving force of the first MG 2 must be adjusted according to the 
driving force demanded by the driver. The driving force control is control to satisfy the above conditions. 
[0178] Fig. 15 is a view showing an example of driving force control. The horizontal axis represents the depression 
amount of the accelerator pedal 114 arid the vertical axis represents the motor output of the first MG 2. Indices of the 

is motor output from the first MG 2 corresponding to the depression amount of the accelerator pedal 114 are given as 
"index (1)", "index (2)", "index (1)' " and "index (2) ,n . If it is difficult to operate the first MG 2 as a motor constantly during 
acceleration running for the reasons described above, it is possible to generate driving force in accordance with the 
depression amount of the accelerator pedal 114, i.e., an acceleration request of the driver, by determining the motor 
output of the first MG 2, for example, on the basis of the indices. "Index (1 )" is one which increases the motor output 

20 of the first MG 2 in proportion to the depression amount of the accelerator pedal 1 1 4, for example, until the depression 
amount of the accelerator pedal 114 reaches 2/4 (maximum value = 4/4), and from then on, it maximizes the motor 
output of the first MG 2. "Index (2)" is one which produces zero motor output, for example, until the depression amount 
of the accelerator pedal 1 1 4 reaches 2/4, and from then on, it maximizes the motor output of the first MG 2. Incidentally, 
"Index (1)" and "Index (2)" may be shifted in the direction of increasing depression amount of the accelerator pedal 

25 114 (to "Index (1)'" and "Index (2)'" in the drawing) according to the characteristics of the driver, specifically, the distri- 
bution and frequency of the depression amount of the accelerator pedal 114, and the indices may be used selectively 
as required. By determining the motor output of the first MG 2 on the basis of these indices, it is possible to achieve a 
balance between an amount of electric energy drawn from the battery 6 by the motoring operation of the first MG 2 
and an amount of electric energy stored in the battery 6 by the generating operation (regeneration) of the first MG 2 

30 while the automobile 100 goes through a start, acceleration running, constant-speed running, deceleration running, 
and a stop. Thus, the charging rate of the battery 6 can be kept within a predetermined prescribed range. 
[0179] By using the driving force control described above, it is possible to operate the first MG 2 as a motor without 
being affected by the restrictions on the electric energy stored in the battery 6, restrictions on the durability of the first 
inverter 4, etc. 

35 [0160] Now, an example of charging amount control in Step 23 will be described hereinafter. 

[0181] As described above, in order not to lower the durability of the battery 6, it is necessary to keep the charging 
rate of the battery 6 within a prescribed range. The charging amount control is control to satisfy the above conditions. 
[0182] If the charging rate of the battery 6 remains near the upper limit value of a predetermined prescribed range, 
it is desirable to operate the first MG 2 as a motor during acceleration running or constant-speed running to prevent 

40 the charging rate from exceeding the predetermined prescribed range by recovering the deceleration energy. Therefore, 
in such cases, an amount of energy recovered during deceleration running is estimated on the basis of vehicle speed, 
etc., and then on the basis of this estimate, an amount of electric energy that can be drawn from the battery 6 and a 
motor torque of the first MG 2 are determined. In this way, by estimating the recovery of deceleration energy and 
operating the first MG 2 as a motor so as to consume the electric energy stored in the battery 6 without causing the 

45 charging rate to fail outside a predetermined prescribed range, it is possible to keep the charging rate within a prede- 
termined designated range. Besides, the fuel economy can be improved because the rotational driving force of the 
engine 101 can be reduced by the extent to which the first MG 2 is operated as a motor. 
[0183] Step 25 will be described hereinafter. 

[0184] During running, the engine control means determines the opening degree of the throttle (not shown) by re- 
so ferring to a diagram or the like (not shown) on the basis of information about the depression amount of the accelerator 
pedal 114, vehicle speed, rotational speed of the engine 101, etc., and outputs it as a command to the throttle. In 
response to the command, the throttle performs a valve opening/closing action, so that the engine 101 generates a 
predetermined rotational driving force. 

[0165] In a case in which operating condition control is not effected, even though the driver adjusts the depression 
55 amount of the accelerator pedal 1 1 4 so as to keep the driving force constant, driving force in conformity with the driving 
force demanded by the driver cannot be obtained since when the rotational driving force of the first MG 2 is varied by 
the above-described charging amount control, this leads directly to variation of the driving force. 
[0166] However, if operating condition control based on the operation mode 2A is effected, the operating condition 
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control means 10 determines opening degree of the throttle necessary to generate driving force calculated by sub- 
tracting the driving force equivalent to the rotational driving force of the first MG 2 from the driving force demanded by 
the driver, on the basis of engine control, and issues a command of the determined opening degree to the engine 
control means 111 to output it to the throttle. 
5 [0187] The use of the engine control described above makes it possible to generate the driving force which meets 
the driving force demanded by the driver as well as to improve the operability and comfortableness of the automobile 
100. 

[0188] Step 26 will be described hereinafter. 

[0189] If, due to continuation of the deceleration running, the rotational speed of the engine 101 increases and the 
10 rotational speed of the first MG 2 connected to the engine 101 rises above the rotational speed which motor output is 
available or the charging rate of the battery 6 hovers near the lower limit value of a predetermined prescribed range, 
the first MG 2 can no longer be operated as a motor. If It becomes impossible to operate the first MG 2 as a motor for 
this reason, for example, and operation in accordance with the operation mode 2A is no longer applicable, the process 
goes to Step 20 to select another operation mode. If the operation mode 2A remains In effect, the process goes to 
15 Step 27. 

[0190] Step 27 will be described hereinafter. 

[0191] The operating condition control means 10 judges whether it is necessary to shift to another operation mode. 
If it is, the process goes to Step 20. If it is not necessary, the process goes to Step 21 and operating conditions control 
based on the operation mode 2A is continued. 

20 [0192] Steps 21 to 27 above are the operating condition control and processes based on the operation mode 2A. 
[0193] Referring to Fig. 16, description will be given hereinafter about advantages of operating condition control 
based on the operation mode 2A is effected on the automobile 1 00 in which the first driving force transmitting means 
102 is a torque converter and the speed change means 104 is a four-speed automatic transmission. 
[0194] Fig. 16 shows various time charts which depict processes in which the automobile 100 starts and continues 

25 acceleration running. Fig. 1 6(a) is a time chart of vehicle speed, where timing (1 ) represents a timing for starting the 
automobile 1 00 with the accelerator pedal 1 1 4 depressed 1/4 (maximum value = 4/4) and timing (2) represents a timing 
for changing the depression amount of the accelerator pedal 114 to 3/4 for acceleration. Fig. 16(b), which is a time 
chart of the gear ratio of the speed change means 1 04, depicts a gear change from first gear (gear ratio = 2.8) in which 
the automobile 100 is stopped to third gear (gear ratio = 1) for acceleration running. Fig. 16(c) is a time chart of driving 

30 force. Fig. 1 6(d) is a time chart of the rotational speed of the engine 1 01 . 

[01 95] Now, description will be given hereinafter about details and advantages of various types of control performed 
in the operating condition control. 

[01 96] At timing (2) , the depression amount of the accelerator pedal 1 1 4 increases from 1 1 A to 3/4, thereby increasing 
the opening degree of the throttle (not shown). In a case in which the operating condition control is not effected, the 

35 speed change means 1 04 performs gear change of down-shift from third gearto second gear in response to a command 
from the control means 1 1 2 for the speed change means as shown in Fig. 1 6(b). However, if operating condition control 
is used, the speed change means 104 maintains third gear without performing gear change of down-shift from third 
gear to second gear ("speed change means control" in the drawing) on the basis of the speed change means control. 
[01 97] Since the speed change means control described above eliminates the gear change of up-shift from second 

40 gear to third gear which would be performed at timing (3) in the absence of operating condition control, the sharp 
change (portion A in the drawing) in the driving force which would be caused by the gear change of up-shift does not 
take place. Also, the sharp rise (portion B in the drawing) in the rotational speed of the engine 101 does not occur. 
With this, the comfortableness and the operability of the automobile 100 are improved and its fuel economy and dis- 
charge performance are improved. 

^5 [0198] After timing (1), the motor torque of the first MG 2 is determined on the basis of the driving force control. 
Between timing (1) and timing (2), the motor torque of the first MG 2 is zero. However, after timing (2), the driving force 
which meets the driving force demanded by the driver is generated by operating the first MG 2 as a motor. 
[0199] That is, in the absence of operating condition control, gear change of down-shift is done at timing (2) to 
generate the driving force which meets the driving force demanded by the driver, so that the sharp rise (portion B in 

50 the drawing) in the rotational speed of the engine 101 occurs. Also, gear change of up-shift is done at timing (3), so 
that the sharp change (portion A in the drawing) in the driving force occurs. However, by operating the first MG 2 as a 
motor on the basis of operating condition control, it is possible to improve the comfortableness and operability of the 
automobile 1 00 as well as its fuel economy and discharge performance without problem that would otherwise be caused 
by the two gear changes described above. 

55 [0200] An example of the advantage in a case in which the operating condition control base on the operation mode 
2A is effected on the automobile 1 00 in which the first driving force transmitting means 1 02 is a torque converter and 
the speed change means 1 04 is a four-speed automatic transmission has been described above. As described above, 
however, the present invention can provide the same advantage in any of structures in combination of any of the above- 
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mentioned first driving force transmitting means 102 and any of the above-mentioned speed change means 104. 

[0201] Now, description will be given hereinafter about a case in which operation mode 2B is selected in Step 20, i. 

e., a case in which the operating state of the first MG 2 is free and the operating status of the second MG 3 is motoring. 

[0202] Step 28 will be described hereinafter. 
5 [0203] The operating condition control means 1 0 detects the ON/OFF state of the accelerator pedal 114, and when 

the accelerator pedal 114 becomes an ON state, the process goes to Step 22'. If the accelerator pedal 114 is in the 

OFF state, the process goes to Step 20, where select of operation mode is continued. 

[0204] Step 22' will be described hereinafter. 

[0205] Step 22' is similar to Step 22. 
10 [0206] Steps 23* and 24' will be described hereinafter. 

[0207] Step 23' is similar to Step 23. 

[0208] Step 24' is similar to Step 24. 

[0209] Step 25' will be described hereinafter. 

[0210] In Step 25\ which is similar to Step 25, the operating condition control means 10 determines opening degree 

15 of the throttle necessary to generate driving force calculated by subtracting the driving force equivalent to the rotational 
driving force of the first MG 2 from the driving force demanded the driver, on the basis of the engine control described 
above, and instructs the engine control means 111 to output it as a command to the throttle. 
[0211] The use of the engine control described above makes it possible to generate the driving force which meets 
the driving force demanded the driver as well as to improve the operability and comfortableness of the automobile 1 00. 

20 [0212] Step 29 will be described hereinafter. 

[0213] If, due to continuation of the acceleration running, the rotational speed of the second wheel drive shaft 106 
increases and the rotational speed of the second MG 3 connected to the second wheel drive shaft 1 06 via the second 
driving force transmitting means 103 rises above the rotational speed which motor output is available or the charging 
rate of the battery 6 hovers near the lower limit value of a predetermined prescribed range, the second MG 3 can no 

25 longer be operated as a motor. If it becomes impossible to operate the second MG 3 as a motor for this reason, for 
example, and operation in accordance with the operation mode 2B is no longer established, the process goes to Step 
20 to select another operation mode. If operation in accordance with the operation mode 2B remains in effect, the 
process goes to Step 30. 
[0214] Step 30 will be described hereinafter 

30 [0215] The operating condition control means 1 0 judges whether it is necessary to shift to another operation mode. 
If it is, the process goes to Step 20. If it is not necessary, the process goes to Step 28, where the operating condition 
control based on the operation mode 2B is continued. 

[0216] Steps 28 to 30, Step 22\ Step 23', Step 24\ and Step 25' above are operating condition control and processes 
based on the operation mode 2B. 
35 [0217] Now, description will be given hereinafter about a case in which operation mode 2C is selected in Step 20, i. 
e., a case in which the operating status of both first MG 2 and second MG 3 is motoring. 
[0218] Step 31 will be described hereinafter. 

[0219] The operating condition control means 10 detects the ON/OFF state of the accelerator pedal 114, and when 

the accelerator pedal 114 becomes an ON state, the process goes to Step 22'. If the accelerator pedal 114 is in the 

OFF state, the process goes to Step 20, where selection of operation mode is continued. 

[0220] Step 22' will be described hereinafter. 

[0221] Step 22' is similar to Step 22. 

[0222] Steps 32 and 24' will be described hereinafter. 

[0223] On the basis of motor torque distribution control as well as the driving force control and charging amount 
45 control described earlier, the operating condition control means 10 determines an appropriate motor torque (Step 32) 
and outputs it as a motor toque command (Step 24'). In response, the first MG 2 and second MG 3 are operated as 
motors. 

[0224] Now, description will be given hereinafter about an example of motor torque distribution control in Step 32. 
[0225] As the first MG 2 and the second MG 3 are operated as motors, their rotational driving forces are added to 

50 the rotational driving force of the engine 101, increasing the driving force acting on the automobile 100, and thus 
resulting in improved acceleration performance. However, since there is restriction on the electric energy stored in the 
battery 6, care should be taken to minimize an amount of electric energy drawn from the battery 6 when operating the 
first MG 2 and the second MG 3 as motors. Therefore, at the time of determining motor torque, it is necessary to take 
into consideration the motor efficiency of the first MG 2 and the second MG 3. The motor torque distribution control is 

55 control to satisfy the above conditions. 

[0226] Fig. 1 7 is a view showing an example of motor torque distribution control. The horizontal axis represents the 
rotational speed of the first MG 2 and the second MG 3 and the vertical axis represents the motor torque of the first 
MG 2 and the second MG 3, and the figure shows iso-motor-efficiency lines at intervals of 1 0% between 30% and 90% 
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when the first MG 2 and the second MG 3 have the same motor efficiency. These characteristics can be grasped 
beforehand as motor characteristics, and then motor torque distribution control is performed on the basis of them. 
[0227] First, with reference to Fig. 17, description will be given hereinafter about an example of motor torque distri- 
bution control which minimizes sum of the motor inputs for the first MG 2 and the second MG 3 that have the motor 

5 efficiencies shown in Fig. 1 7. 

[0228] Fig. 17 shows the rotational speeds of the first MG 2 and the second MG 3 (5000 r/min and 3000 r/min, 
respectively, in this case) at any vehicle speed during acceleration running or constant-speed running as well as an 
upper limit value of sum of motor outputs from the first MG 2 and the second MG 3 based on the driving force control 
(hereinafter referred as the upper limit value of motor output based on the driving force control). These values are not 

10 necessarily the same as those described above or shown in the drawing because they depend on the pulley ratio 
between the first MG 2 and engine 1 01 , gear ratio of the speed change means 1 04, reduction gear ratio of the second 
driving force transmitting means 103, vehicle speed, etc. 

[0229] if the rotational speeds of the first MG 2 and the second MG 3 are denoted by N MG1M and N MG2M , respectively, 
their motor torques are denoted by T MG1M and T MG2M> respectively, their motor efficiencies are denoted by T| MG1M and 
15 *nMG2M> respectively, and the upper limit value of motor output based on the driving force control is denoted by W L(MrrM , 
valid T MG1M and T MG2M values which can be set in this case should satisfy (((N MQ1M x 2 x rc/60) x T MG1M ) + ((N MG2M 
x 2 x 7i/60) x T MG2M ) = W UMITM (hereinafter referred as motor torque determination criterion) and there are countless 
in number. 

[0230] However, if operating condition control based on the operation mode 2C is effected, the operating condition 
20 control means sets the operating points of the first MG 2 and the second MG 3 at "operating point (1 ) of the first MG" 
and "operating point (1 ) of the second MG" in the drawing so as to minimize an amount of electric energy drawn from 
the battery 6, i.e., a sum of the motor inputs for the first MG 2 and the second MG 3 (hereinafter referred as the sum 
of motor inputs), namely (((N MG1M x 2 x n/60) x T MG1R /n MG1M ) + ((N MG2M x 2 x tc/60) x T MG2M /i1mg2m)> based °" 
motor torque distribution control, and then determines motor torque on the basis of the operating points determined. 
25 This minimizes the sum of motor inputs and satisfies motor torque determination criterion at the same time. For example, 
the sum of motor inputs is decreased by approximately 20% in comparison with the time when the first MG 2 and the 
second MG 3 are operated as motors at "operating point (2) of the first MG" and "operating point (2) of the second 
MG" in the drawing. 

[0231] Next, with reference to Fig. 17, description will be given hereinafter about an example of motor torque distri- 
ct? bution control intended to maximize an amount of electric energy drawn from the battery 6 for the purpose of keeping 
the charging rate of the battery 6 within a prescribed range. 

[0232] In this case, on the basis of the motor torque distribution control, the operating condition control means sets 
the operating points of the first MG 2 and the second MG 3 at "operating point (3) of the first MG" and "operating point 
(3) of the second MG B in the drawing so as to maximize the sum of the motor inputs for the first MG 2 and the second 

35 MG 3 in a range satisfying the motor torque determination criterion, and then determines motor torque on the basis of 
the operating points determined. With this the sum of motor outputs is maximized and the motor torque determination 
criterion is satisfied at the same time. For example, the sum of motor inputs is increased 65% in comparison with when 
the first MG 2 and the second MG 3 are operated as motors at "operating point (1) of the first MG" and "operating point 
(1) of the second MG" in the drawing. 

40 [0233] By using the motor torque distribution control described above, it is possible to minimize the sum of motor 
inputs for the first MG 2 and the second MG 3 and minimize the amount of electric energy drawn from the battery 6. 
Further, it is possible to keep the charging rate of the battery 6 within a predetermined prescribed range. 
[0234] Further, in general, the motor efficiencies of the first MG 2 and the second MG 3 tend to increase with rotational 
speed thereof. Thus, to decrease the motor inputs, it is desirable to operate the first MG 2 and the second MG 3 as 

45 motors at high rotational speed. In this respect, the auxiliary drive 1 according to the embodiment of the present in- 
vention, which can operate the first MG 2 as a motor at high rotational speed corresponding to the pulley ratio between 
the first engine 1 01 and the MG 2 (which is defined as "rotational speed of the first MG 2/rotational speed of the engine 
101" and takes a value larger than 1), is superior to a structure (pulley ratio = 1) in which the first MG 2 is disposed, 
for example, between the engine 101 and first driving force transmitting means 102. 

so [0235] Step 25* will be described hereinafter. 
[0236] Step 25' is similar to Step 25. 
[0237] Step 33 will be described hereinafter. 

[0238] If either the first MG 2 or the second MG 3 cannot be operated as a motor and consequently operation in 
accordance with the operation mode 2C is no longer established, the process goes to Step 20 to select another oper- 
55 ation mode. If operation in accordance with the operation mode 2C remains in effect, the process goes to Step 34. 
[0239] Step 34 will be described hereinafter. 

[0240] The operating condition control means 1 0 Judges whether it is necessary to shift to another operation mode. 
If it is, the process goes to Step 20. If it is not necessary, the process goes to Step 31 , where the control operating 
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conditions control based on the operation mode 2C is continued. 

[0241] Steps 31 to 34, Step 22', Step 24', and Step 25' above are the operating condition control and processes 
based on the operation mode 2C. 

[0242] Now, description will be given hereinafter about a case in which operation mode 2D is selected in Step 20, i. 

5 e., a case in which the operating state of the first MG 2 is generation and the operating status of the second MG 3 is free. 
[0243] Cases in which operation mode 2D is selected comprise (1) when it is necessary to raise the charging rate 
of the battery 6 by operating the first MG 2 as a generator because the charging rate of the battery 6 remains near the 
lower limit value of a predetermined prescribed range (hereinafter referred as case (1)) or (2) when it is necessary to 
reduce the rotational speed of the engine 101 by operating the first MG 2 as a generator such that the front wheels 

f 0 1 07a and 1 07b produce stable driving force with respect to a low coefficient of friction road surface (hereinafter referred 
as case (2)). 

[0244] Step 35 will be described hereinafter. 

[0245] The operating condition control means 10 detects the ON/OFF state of the accelerator pedal 114, and when 
the accelerator pedal 114 becomes an ON state, the process goes to Step 36. If the accelerator pedal 114 is in the 
is OFF state, the process goes to Step 20, where selection of operation mode Is continued. 
[0246] Step 36 will be described hereinafter. 

[0247] Based on the speed change means control, the operating condition control means 10 issue a command to 
the control means 112 for the speed change means to output up-shift and down-shift instructions suitable for operation 
mode 2D to the speed change means 1 04. .In case (1 ), for example, an appropriate gear ratio is determined such that 
20 the engine 101 operates in a region around the best fuel economy while the first MG 2 operates in a high-efficiency 
region. 

[0248] Steps 37 and 38 will be described hereinafter 

[0249] The operating condition control means 10 determines motor torque of the first MG 2, for example, suitable 
for the case (1) and the case (2) (Step 37) and outputs it as a generator torque instruction (Step 38). In response to 
25 this instruction, the first MG 2 is operated as a generator 
[0250] Step 39 will be described hereinafter. 

[0251] The operating condition control means 10 determines opening degree of the throttle necessary to generate 
driving force calculated by adding braking force equivalent to negative rotational driving force of the first MG 2 to the 
driving force demanded the driver, on the basis of engine control means control, and Instructs the engine control means 
30 111 to output it as an instruction to the throttle. 
[0252] Step 40 will be described hereinafter. 

[0253] If the charging rate of the battery 6 starts to hover near the upper limit value of a predetermined prescribed 
range, it becomes unnecessary to operate the first MG 2 as a generator. If operation in accordance with the operation 
mode 2D is no longer established for this reason, for example, the process goes to Step 20 to select another operation 
35 mode. If operation in accordance with the operation mode 2D remains in effect, the process goes to Step 41 . 
[0254] Step 41 will be described hereinafter. 

[0255] The operating condition control means 1 0 judges whether it is necessary to shift to another operation mode. 
If it is, the process goes to Step 20. If it is not necessary, the process goes to Step 35, where the operating condition 
control based on the operation mode 2D is continued. 
40 [0256] Steps 35 to 41 above are the operating condition control and processes based on the operation mode 2D. 
[0257] Now, description will be given hereinafter about a case in which operation mode 2E is selected in Step 20, i. 
e., a case In which the operating state of the first MG 2 is generation and the operating status of the second MG 3 is 
motoring. 

[0258] In addition, a case in which operation mode 2E is selected comprises mainly when it is necessary to reduce 
45 the rotational speed of the engine 1 01 by operating the first MG 2 as a generator such that the front wheels 1 07a and 

1 07b produce stable driving force with respect to a low coefficient of friction road surface as well as to control the slip 

rate by operating the second MG 3 as a motor such that the maximum driving force is generated between the rear 

wheels 108a and 108b and road surface (hereinafter referred as case (3)). 

[0259] Step 42 will be described hereinafter. 
so [0260] The operating condition control means 1 0 detects the ON/OFF state of the accelerator pedal 1 1 4, and when 

the accelerator pedal 114 becomes an ON state, the process goes to Step 43. If the accelerator pedal 114 is in the 

OFF state, the process goes to Step 20, where selection of operation mode is continued. 

[0261] Step 43 will be described hereinafter. 

[0262] Based on speed change means control, the operating condition control means 10 issues a command to the 
55 control means 112 for the speed change means to output up-shift and down-shift instructions suitable for operation 
mode 2E to the speed change means 104. In case (3), for example, an appropriate gear ratio is determined such that 
the engine 101 operates in a region around the best fuel economy while the first MG 2 operates in a high-efficiency 
region. 
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[0263] Steps 44 and 45 will be described hereinafter. 

[0264] The operating condition control means 10 determines the generator torque of the first MG 2 and the motor 
torque of the second MG 2, for example, suitable for case (3) (Step 44) and outputs them as a drive torque command 
(Step 45). In response to this command, the first MG 2 is operated as a generator and the second MG 3 is operated 
as a motor. 

[0265] Step 46 will be described hereinafter. 

[0266] The operating condition control means 10 determines opening degree of the throttle necessary to generate 
driving force calculated by adding braking force equivalent to negative rotational driving force of the first MG 2 and 
subtracting driving force equivalent to rotational driving force of the second MG 3 to/from the driving force demanded 
by the driver, on the basis of engine control means control, and instructs the engine control means 111 to output it as 
an instruction to the throttle. 
[0267] Step 47 will be described hereinafter. 

[0268] If the charging rate of the battery 6 starts to hover near the upper limit value of a predetermined prescribed 
range, it becomes unnecessary to operate the first MG 2 as a generator. If operation in accordance with the operation 
mode 2E is no longer established for this reason, for example, the process goes to Step 20 to select another operation 
mode. If operation in accordance with the operation mode 2E remains in effect, the process goes to Step 48. 
[0269] Step 48 will be described hereinafter. 

[0270] The operating condition control means 1 0 judges whether it is necessary to shift to another operation mode. 
If it is, the process goes to Step 20. If it is not necessary, the process goes to Step 42, where the operating condition 
control based on the operation mode 2E is continued. 

[0271] Steps 42 to 48 above are the operating condition control and processes based on the operation mode 2E. 
[0272] The above are the auxiliary drive 1 and automobile 1 00 equipped with the same according to an embodiment 
of the present invention. 

[0273] Incidentally, it is also possible to operate the first MG 2 only as a generator, and not as a motor. In that case, 
the first MG 2 may be a generator such as an alternator, for example. 

[0274] As described above, according to the present invention, it is possible to efficiently recover the automobile's 
kinetic energy resulting from deceleration, i.e., deceleration energy, and use the recovered deceleration energy as an 
energy source for operating a rotating electric machine as a motor, and thereby improve the operability, comfortable- 
ness, safety, and even fuel economy of the automobile. 



Claims 

1. An auxiliary drive comprising: 

a rotating electric machine (2, 3) connected to an engine (101) and functioning at least as a generator; 
speed change means (104) disposed between the engine (101) and a wheel axle (105); and 
means (112) for controlling gear ratio or shift points of the speed change means (104). 

2. An auxiliary drive comprising: 

a rotating electric machine (2, 3) connected to an engine (101) and functioning at least as a generator; 
speed change means (104) disposed between the engine (101) and awheel axle (105, 106); 
demanded braking force detection means (21) for detecting braking force demanded by a driver; 
engine braking force calculation means (22) for calculating engine braking force; and 
regenerative braking force calculation means (23) for calculating regenerative braking force produced by re- 
generative power generation of the rotating electric machine (2, 3), wherein 

gear ratio or shift point of the speed change means (104) is controlled on the basis of information from the 
demanded braking force detection means (21), the engine braking force calculation means (22) and the re- 
generative braking force calculation means (23). 

3. An auxiliary drive comprising: 

a rotating electric machine (2, 3) connected to an engine (101) and functioning at least as a generator; 

speed change means (1 04) disposed between the engine (1 01 ) and a wheel axle (1 05, 1 06); 

demanded braking force detection means (21) for detecting braking force demanded by a driver; 

engine braking force calculation means (22) for calculating engine braking force; and 

regenerative braking force calculation means (23) for calculating regenerative braking force produced by re- 
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generative power generation of the rotating electric machine (2, 3), wherein 

gear ratio of speed change means (104) is maximized in a range in which sum of the regenerative braking 
force and the engine braking force does not exceed a predetermined value or the braking force demanded by 
the driver 

4. An auxiliary drive comprising: 

a rotating electric machine (2, 3) connected to an engine (101) and functioning at least as a generator; 
speed change means (104) disposed between the engine (101) and awheel axle (105, 106); 
demanded braking force detection means (21) for detecting braking force demanded by a driver; 
engine braking force calculation means (22) for calculating engine braking force; and 
regenerative braking force calculation means (23) for calculating regenerative braking force produced by re- 
generative power generation of the rotating electric machine, wherein 

during coast running, gear ratio or shift point of the speed change means (1 04) is controlled so that rotational 
speed of the engine (101) becomes maximum in a range in which the engine braking force does not exceed 
a predetermined value and the rotational speed of the engine (101) does not become over-speed. 

5. An auxiliary drive comprising: 

a rotating electric machine (2, 3) connected to an engine (101) and functioning at least as a generator; 
speed change means (104) disposed between the engine (101) and awheel axle (105, 106); 
demanded braking force detection means (21) for detecting braking force demanded by a driver; 
engine braking force calculation means (22) for calculating engine braking force; and 
regenerative braking force calculation means (23) for calculating regenerative braking force produced by re- 
generative power generation of the rotating electric machine (2, 3), wherein 

during regenerative operation of the rotating electric machine (2, 3), gear ratio or shift point of the speed 
change means (104) is controlled so that an amount of regenerative power generation becomes maximum in 
a range in which sum of the regenerative braking force and the engine braking force does not exceed a pre- 
determined value or the braking force demanded by the driver. 

6. The auxiliary drive according to claim 4, wherein the control of the gear ratio of said speed change means (104) 
comprises control to avoid at least up-shift just after a shift into coast running. 

7. The auxiliary drive according to claim 5, wherein the control of the gear ratio of said speed change means (104) 
comprises control to carry out down-shift when an amount of regenerative power generation before the down-shift 
exceeds an amount of regenerative power generation after the down-shift. 

8. The auxiliary drive according to any one of claims 2 to 7, further comprising a torque converter with lock-up function 
disposed between the engine (101) and the speed change means (104). 

9. An automobile comprising: 

an engine (101); 

wheels (107a, 107b, 108a, 108b) driven by the engine (101); 

a rotating electric machine (2, 3) connected to the engine (101) and functioning at least as a generator; 
speed change means (1 04) disposed between the engine (101) and a wheel axle (1 05, 1 06); 
demanded braking force detection means (21 ) for detecting braking force demanded by a driver; 
engine braking force calculation means (22) for calculating engine braking force; and 
regenerative braking force calculation means (23) for calculating regenerative braking force produced by re- 
generative power generation of the rotating electric machine (2, 3), wherein 

gear ratio or shift point of the speed change means (104) is controlled on the basis of information from the 
demanded braking force detection means (21), the engine braking force calculation means (22) and the re- 
generative braking force calculation means (23). 

10. An automobile comprising: 

an engine (101); 

wheels (107a, 107b, 108a, 108b) driven by the engine (101); 
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a rotating electric machine (2, 3) connected to the engine (101) and functioning at least as a generator; 
speed change means (104) disposed between the engine (1.01) and a wheel axle (105, 106); 
demanded braking force detection means (21) for detecting braking force demanded by a driver; 
engine braking force calculation means (22) for calculating engine braking force; and 
regenerative braking force calculation means (23) for calculating regenerative braking force produced by re- 
generative power generation of the rotating electric machine (2, 3), wherein 

gear ratio of speed change means (104) is maximized in a range in which sum of the regenerative braking 
force and the engine braking force does not exceed a predetermined value or the braking force demanded by 
the driver. 

11. An automobile comprising: 



an engine (101); 

wheels (107a, 107b, 108a, 108b) driven by the engine (101); 

15 a rotating electric machine (2, 3) connected to the engine (101) and functioning at least as a generator; 

speed change means (104) disposed between the engine (101) and a wheel axle (105, 106); 
demanded braking force detection means (21) for detecting braking force demanded by a driver; 
engine braking force calculation means (22) for calculating engine braking force; and 
regenerative braking force calculation means (23) for calculating regenerative braking force produced by re- 

20 generative power generation of the rotating electric machine (2, 3), wherein 

during coast running, gear ratio or shift point of the speed change means (104) is controlled so that rotational 
speed of the engine (101) becomes maximum in a range in which the engine braking force does not exceed 
a predetermined value and the rotational speed of the engine (1 01 ) does not become over-speed. 

25 12. An automobile comprising: 

an engine (101); 

wheels (107a, 107b, 108a, 108b) driven by the engine (101); 

a rotating electric machine (2, 3) connected to the engine (101) and functioning at least as a generator; 

30 speed change means (104) disposed between the engine (101) and a wheel axle (105, 106); 

demanded braking force detection means (21) for detecting braking force demanded by a driver; 
engine braking force calculation means (22) for calculating engine braking force; and 
regenerative braking force calculation means (23) for calculating regenerative braking force produced by re- 
generative power generation of the rotating electric machine (2, 3), wherein 

35 during regenerative operation of the rotating electric machine (2, 3), gear ratio or shift point of the speed 

change means (104) is controlled so that an amount of regenerative power generation becomes maximum in 
a range in which sum of the regenerative braking force and the engine braking force does not exceed a pre- 
determined value or the braking force demanded by the driver. 

40 



45 
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